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ABSTRACT
Malaria parasites, Plasmodium can infect a wide range ofhosts including
humans and rodents. There are two copies ofmitogen activated protein
kinases (MAPKs) in Plasmodium, namely MAPK1 and MAPK2. The
MAPKs have been studied extensively in the human Plasmodium, P.
falciparum. However, the MAPKs from other Plasmodium species have
not been characterized and it is therefore the premise ofpresented study
to characterize the MAPKs from other Plasmodium species-P. vivax, P.
knowlesi, P. berghei, P. chabaudi and P.yoelli using a series ofpublicly
available bioinformatic tools. In silico data indicates that all Plasmodium
MAPKs are nuclear-localizedandcontain both a nuclear localization signal
(NLS) anda Leucine-rich nuclear export signal (NES). The activation motifs
ofTDYand TSH werefound to befully conserved in Plasmodium MAPK1
and MAPK2, respectively. The detailed manual inspection ofa multiple
sequence alignment (MSA) construct revealed a total of 17 amino acid
stack patterns comprising ofdifferent amino acids present in MAPK1 and
MAPK2 respectively, with respect to rodent and human Plasmodia. 1t is
proposed that these amino acid stack patterns may be useful in explaining
the disparity between rodent and human Plasmodium MAPKs.
Keywords: Malaria, Plasmodium, Signal Transduction, Protein Kinase,
Mitogen acitivatedprotein kinase.
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Introduction
Malaria disease is one of the major infectious diseases in most tropical
and subtropical areas of the world. It is caused by eukaryotic parasites of
Plasmodium genus which are found from all classes ofterrestrial vertebrates
such as mammals, birds and reptiles [I]. Each malaria parasite species is
characterized by host specificity. Taking primate parasites for example, they
can only infect primates, and cannot infect other mammals, birds or reptiles
[1-2]. This may be due to co-evolution of the malaria parasites along with
their hosts over long time periods. It has been reported that the establishment
of the primate, rodent, bird and reptile host lineages has contributed to the
rapid diversification of extant malaria parasite lineages [3].
The mitogen-activated protein kinase (MAPK) module is composed of
three kinases (MAPKKK, MAPKK and MAPK) that establish a sequential
activation pathway [4]. MAPKs which phosphorylate their substrates on
Serine and Threonine residues are the final kinases in the three-kinase
cascade. The common substrates for MAPKs are transcription factors,
phospholipases, and cytoskeleton-associated proteins and other protein
kinases [5-6]. There are two copies ofMAPKs (MAPKI and MAPK2) have
been identified in P.jalciparum [6]. They share a peptide sequence identity
of41% in their catalytic domain. The TXY motif is conserved in PfMAPK1
(PlasmoDB identifier: PF14_0294) and PfMAPK2 (PlasmoDB identifier:
PF 11_0147) as TDY and TSH respectively. According to previous studies,
MAPKs are important in the transmission of malaria parasites [7].
The MAPKs have been studied extensively in the human Plasmodium,
P. falciparum, however MAPKs from other Plasmodium species have
not been characterized. An extensive literature search did not reveal any
published reports on MAPKs from other Plasmodium species. The presented
study has been performed with the purpose ofcharacterizing MAPKs from
other Plasmodium species, namely P. vivax, P. knowlesi, P. berghei, P.
chabaudi and Pyoelli, using a series of publicly available bioinfonnatic
tools. The considered Plasmodium MAPKs were categorized as follows:
human Plasmodium MAPKs - PfMAPKI, PvMAPKI, PkMAPKI,
PtMAPK2, PvMAPK2 and PkMAPK2 and rodent MAPKs - PbMAPKI,
PcMAPKI, PyMAPI, PbMAPK2, PcMAPK2 and PyMAPK2.
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Materials and Methods
A personal computer equipped with an AMD Turion 64x2 dual-core
processor, 32 GB of RAM and an NVIDIA graphics card was used to
perform the analyses with respect to the public databases and web based
programs-presented in Table 1.
Table I. Databases and Web-Based Programmes used in the Analysis
of Plasmodium MAPKs
Analysis
Sequence
retrieval
Protein
domains
Programme name
PlasmoDB
Conserved Domain
Database
Simple Modular
Architecture
Research Tool
InterPro
PROSITE
URLaccess
http://www.plasmodb.org
http://www.ncbi.nlm.nih.gov/cdd/
http://smart.cmbl-heidelberg.de/
http://www.cbi.ac. uk/interpro/
http://prosite.expasy.orgl
Subcellular SubLoc
localization
Nuclear
localization PredictNLS
signal
Nuclear
e x p 0 r t NetNES
signal
Sequence
similarity
search BLASTp (NCBI)
Multiple
sequence
alignment CJustal W
http://www.bioinfo.tsinghua.edu.cn/SubLoc/
http://www.predictprotcin.orgl
http://www.cbs.dtu.dk/services/NetNES/
http://blast.ncbLnlm.nih.gov/
http://www.ch.embnet.orglsoftware/CJustaJW.htmJ
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The MAPK protein sequences for all the considered Plasmodium
species were retrieved from the PlasmoDB database in FASTA format.
The retrieved parasite protein sequences were subjected to a series of
computational analyses using various programmes including PROSITE
[8] in order to perform motif search, SubLoc [9] for purpose ofpredicting
protein subcellular localization, PredictNLS [10] for the prediction of
nuclear localization and NetNES [II] to identify Leucine-rich nuclear export
signals. ClustalW [12] was used to perform multiple sequence alignment
from which detailed manual inspections were performed on the aligned
parasite protein sequences to identify amino acid stack patterns in both
MAPK I and MAPK2 with respect to rodent and human proteins.
Results
Although experimental and computational studies have been previously
performed in the investigation of MAPKs in human malaria parasite P.
falciparum, this is the first such study on MAPKs from six Plasmodium
species namely P. falciparum, P. vivax, P. knowlesi, P. berghei, P. chabaudi
and P. yoelli. Both MAPKI and MAPK2 have been identified in human (P.
falciparum, P. vivax and P. knowlesiy and rodent (P. berghei, P. chabaudi
and P. yoelli) malaria parasites.
Table 2 presents various protein domains and motifs present in the
Plasmodium MAPKs. All Plasmodium MAPKs were successfully predicted
to be nuclear-localized except for PbMAPK2, PcMAPK2 and PyMAPK2,
which were predicted to be localized in parasite mitochondria (Table I).
Only the nuclear-localized PfMAPKI was predicted to possess both a
nuclear localization signal (NLS) and a Leucine-rich nuclear export signal
(NES). The nuclear-localized PkMAPKI was predicted to contain NLS but
not NES. All Plasmodium MAPK2 were predicted to contain NES except
PvMAPK2.
4
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Table 2. Sequence Analyses ofMAPKI and MAPK2 from Plasmodium Species
Protein Kinase MAP Serine/ ATP SubcellularSpecies Host domain kinase Threonine binding localization NLS NESname
signature activesite site
PROSITE PROSITE PROSITE PROSITE
access access access access
[PS5001l] [PSOl35l] [PSOOlO8] [PSOO107]
PtMAPKl Pfalciparum Human + + + + nucleus + +
PvMAPKl Pvivax Human + + + + nucleus
PkMAPKl Pknowlesi Human + + + + nucleus +
PbMAPKl Pberghei Rodent + + + + nucleus
PcMAPKl Pchabaudi Rodent + + + + nucleus
PyMAPKl Pyoel/i Rodent + + + + nucleus
PtMAPK2 Pfalciparum Human + + + + nucleus +
PvMAPK2 Pvivax Human + + + + nucleus
PkMAPK2 Pknowlesi Human + + + + mitochondria +
PbMAPK2 Pberghei Rodent + + + + mitochondria +
PcMAPK2 Pchabaudi Rodent + + + + mitochondria +
PyMAPK2 Pyoel/i Rodent + + + + mitochondria +
~:
(+) indicates presence;
(-) indicates absence.
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Figure I. Multiple Sequence Alignment ofPlasmodium MAPKI and MAPK2 Sequences.
[A] Represents Amino Acid Stack Patterns from Plasmodium MAPK I, whereas [B]
Represents Amino Acid Stack Patterns from Plasmodium MAPK2
Key:
Heavy grey colour U indicates amino acid residues from rodent Plasmodium MAPKs;
Light grey colour U indicates amino acid residues from human Plasmodium MAPKs;
Boxes indicate DFG (subdomain VII) and APE (subdomain VIII) motifs;
Underlined amino acid sequences (TDY and TSH) indicate MAPK activation motifs.
Figure 1 presents multiple sequence alignment (MSA) construct
determined by the ClustalW analysis. The MSA construct revealed that
both TDY and TSH activation motifs are fully conserved in Plasmodium
MAPKI and MAPK2, respectively. Both motifs exist between the DFG
(subdomain VII) and APE (subdomain VIII) motifs of eukaryotic protein
kinases. The detailed manual inspection of the MSA construct enabled
identification ofa total of 17 (a-q) amino acid stack patterns comprising of
different amino acids for both MAPK1 and MAPK2 with respect to rodent
and human Plasmodia.
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Table 3. Similarity Scores for Rodent and Human Plasmodium MAPK I and MAPK2
Human Plasmodium Rodent Plasmodium Score
MAPK MAPK
PfMAPKI vs PcMAPKI 51
PfMAPKI vs PyMAPKI 53
PfMAPKI vs PbMAPKI 71
PvMAPKI vs PcMAPKI 49
PvMAPKI vs PyMAPKI 51
PvMAPKI vs PbMAPKI 72
PkMAPKI vs PcMAPKI 51
PkMAPKl vs PyMAPKI 52
PkMAPKI vs PbMAPKI 74
PfMAPK2 vs PcMAPK2 76
PfMAPK2 vs PyMAPK2 76
PfMAPK2 vs PbMAPK2 75
PvMAPK2 vs PcMAPK2 70
PvMAPK2 vs PyMAPK2 72
PvMAPK2 vs PbMAPK2 73
PkMAPK2 vs PcMAPK2 73
PkMAPK2 vs PyMAPK2 74
PkMAPK2 vs PbMAPK2 72
Table 3 presents the similarity score results for the multiple sequence
alignment (MSA) analysis for which rodent Plasmodium MAPKI and
MAPK2 were compared with their human counterparts. Based on the MSA
construct, the similarity scores for Plasmodium MAPKI and MAPK2 were
49-74 and 70-76, respectively.
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Table 4.Unique Amino Acid Stack Patterns for Plasmodium MAPKI and MAPK2
Incorporating Two Different Amino Acid Groups
Amino acid
stack patterns Rodent Human
Plasmodium MAPKI
k E / Glutamate / Polar acidic Q / Glutamine / Polar uncharged
m Y / Tyrosine / Polar uncharged F / Phenylalanine / Non polar
Plasmodium MAPK2
b N / Asparigine / Polar uncharged K / Lysine / Polar basic
c Q / Glutamine / Polar uncharged K / Lysine / Polar basic
d N / Asparigine / Polar uncharged K / Lysine / Polar basic
N / Asparigine / Polar uncharged H / Histidine / Polar basic
j K / Lysine / Polar basic N / Asparigine / Polar uncharged
k D / Aspartic acid / Polar acidic N / Asparigine / Polar uncharged
n N / Asparigine / Polar uncharged D / Aspartic acid / Polar acidic
o Q/ Glutamine / Polar uncharged K / Lysine / Polar basic
Table 4 presents the amino acids substitution for the different classes
observed in the amino acid stack patterns. In this context amino acid stack
patterns (a-q) are defined to be the alignment columns of amino acids
that comprise of different amino acids with respect to rodent and human
Plasmodia MAPKs. Out ofthe 17 amino acid stack patterns observed in the
MSA construct ofPlasmodium MAPK1, only two (k and m) stack patterns
are unique with respect to different classes ofamino acids. In contrast, eight
(b, c, d, i, j, k, n, and 0) stack patterns were unique with respect to different
classes of amino acids in the MSA construct of Plasmodium MAPK2.
Other amino acid stack patterns which have not been highlighted here, also
involved comprising of amino acids, but are from the same classes.
Discussion
In silico study corresponds to an analysis, which is performed on a computer
or via computer simulation to solve various biological problems. The
bioinformatics facilities and expertise become crucial in in silico research
as genome sequencing projects have given rise to advancement ofbiological
databases. A unique advantage of the in silico approach is its worldwide
8
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availability and the reduced need for laboratory experiments which are
inherent attributes of in vivo or in vitro analysis.
The protein features of MAPK, such as the kinase domain, MAPK
signature site, Serine/Threonine active sites and ATPbinding sites are fully
conserved in Plasmodium species. A protein domain corresponds to the
functional part of a protein structure. It is characterized by independent
protein folding and hydrophobic core [13]. Domains, particularly those with
enzymatic activities, may function independently or associate with larger
multidomain protein. Other domains exist as binding sites in order to confer
regulatory and specificity properties to multidomain proteins [13]. The
conservation ofthe kinase domain, MAPK signature site, Serine/Threonine
active sites and ATP binding site in Plasmodium MAPKs indicates that all
Plasmodium MAPKs are similar to other eukaryotic MAPKs.
The nuclear localization of MAPK in Plasmodium parasite has been
reported by previous research [14] whereby PfMAPK1 in COS-7 cells was
predominantly localized at the nucleus. In this heterologous system, the
basic stretches found in the PfMAPK1 are sufficient to target the protein
in the nucleus where it accumulated in the nucleoli. This is in agreement
with the mammalian MAPK where it localizes primarily to the cytosol
but after stimulation, MAPK rapidly and markedly accumulates in the
nucleus. This nuclear localization is temporary, and MAPK redistributes to
the cytosol when signaling is terminated [15-16]. For Hoglp MAP kinase,
the recommencement of cytosolic localization postsignaling in cells is not
perturbed by protein synthesis inhibitorsand this indicates that the resynthesis
of protein is not required for the cyctosolic localization. Therefore, it is
strongly believed that the cytosolic localization of Plasmodium MAPKs
occur via nuclear export mechanism [17].
Proteins destined for the nucleus possess at least one nuclear
localization sequence (NLS) which allows them to interact with a nuclear
import receptor, namely Importin ~ [18]. Proteins contain a short stretch
of Leucine-rich amino acids, now termed the nuclear export signal (NES),
and are able to be exported from the nucleus [19]. It may be difficult to
identify the non functional NLS sequences using bioinformatic tools as they
can be buried within the tertiary structure. Meanwhile, the functional NLS
sequences can be missed if they are short or abnormally folded with basic
amino acids [20]. Instead oftypical leucine-rich region, the NES for exportin
7 ofhuman uses folded motifs with basic residues for nuclear export [21].
Based on the pattern of our in silico data, it is likely that all Plasmodium
9
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MAPKs are nuclear-localized and contain both a nuclear localization signal
(NLS) and a Leucine-rich nuclear export signal (NES).
The TDY and TSH motifs from Plasmodium MAPKI and MAPK2
respectively are located in the region between the DFG (subdomain VII) and
APE motifs (subdomain VIII) similar to other eukaryotic protein kinases.
Previous work has reported that the activation segment lies between DFG
and APE motifs (subdomain VII and VIII respectively) [22]. The central part
ofthis segment, are often well-conserved among the members ofindividual
protein kinase families. Modification of this activation segment is crucial
to initiate the activation of the kinase domain. The activation segment is
vital for substrate recognition because the interactions of protein kinases
with their substrates are greatly dependent on its conformation [23]. Three
established subfamilies ofMAP kinase (ERK, JNK and p38) are activated in
different ways (by different upstream activators but still in a similar cascade)
and can be recognized by different substrates because ofthe variable amino
residues in the activation segment [23-26].
Several previous studies reported the existence ofdivergences between
human and rodent Plasmodia proteins. While PfMAPK2 is essential for
erythrocytic schizogony, PbMAPK2 plays an important role in the maturity
of male gametes from gametocytes (exflagellation) that takes place in the
mosquito midgut [27-30]. Furthermore, there also differences between P.
berghei and P. falciparum orthologues of a cysteine protease (bergheipain
BP2 and falcipain FP2A respectively) such as optimal pH, substrate
specificity and susceptibility to inhibitors [31]. Another study reported
by [27] has suggested that the divergence between the two species is less
profound in metabolic enzymes than in regulatory enzymes. The results
from this study have determined that there are 17 amino acid stack patterns
comprising ofdifferent amino acids in the MSA construct. Substitutions of
amino acids into the alignment column are anticipated to be crucial in the
modification ofbiochemical properties and it is possible that the divergences
between rodent and human Plasmodium MAPKs can be explained in relation
to the amino acid stack patterns observed in the MSA construct.
Conclusion
The presented protein sequence analyses indicate that, the typical
features ofMAPK are fully conserved in all Plasmodia MAPKs. Similar to
other eukaryotic MAPKs, Plasmodia MAPKs contain both NLS and NES
10
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with respect to nuclear and cytosolic localizations. The MSA performed
has been used to evaluate the conservation ofprotein domains in Plasmodia
MAPKs further to which it may be hypothesized that the alignment columns
ofdifferent amino acids indicated by the MSA construct may contribute to
divergence ofbiochemical properties between rodent and human Plasmodia
MAPKs.
References
[1] N. D. Levine. 1988. The protozoan phylum Apicomplexa, CRC Press,
Boca Raton, Florida. 1988.
[2] G. R. Coatney, W. E. Collins, M. Warren and P. G. Contacos. 2003.
The primate malarias. CDC Press, Atlanta, GA.
[3] T. Hayakawa, R. Culleton, H. Otani, T.Horii and K. Tanabe. 2008. Big
bang in the evolution ofextant malaria parasites, Molecular Biology
and Evolution, vol. 25, pp. 2233-2239.
[4] W. Kolch. 2000. Meaningful relationship: the regulation of the Ras/
Raf/MEKIERK pathway by protein interaction, BiochemistryJournal,
vol. 351, pp. 289-305.
[5] M. Camps and A. Nichols. 2000. Dual specificity phosphatases : a
gene family for control ofMAP kinase function, The FASEB Journal,
vol. 14, pp. 6-16.
[6] P. Ward, L. Equinet, 1. Packer and C. Doerig. 2004. Protein kinases
of the human malaria parasite Plasmodium falciparum : the kinome
ofa divergent eukaryote. BMC Genomics, vol. 5, pp.79.
[7] R. Rangajaran, A. K. Bei, D. Jethwaney, P. Maldonado, D. Dorin, A.
A. Sultan and D. Doerig. 2005. A mitogen-activated protein kinase
regulates male gametogenesis and transmission ofthe malaria parasite
Plasmodium berghei, EMBO Reports, vol. 6, pp.464-469.
11
Scientific Research Journal
[8] N. Hulo, A. Bairoch, V. Bulliard, L. Cerrutti, E. De Castro, D. S.
Langendijk-Genevaux, M. Pagni and C. J. A. Sigrist. 2006. The
PROSITE database. Nucleic AcidResearch, vol. 34, pp. 227-230.
[9] S. Hua and Z. Sun. 2001. Support vector machine approach for protein
subcellular localization prediction, Bioinformatics, vol. 17, pp. 721-
728.
[10] M. Cokol, R. Nair and B. Rost. 2000. Finding nuclear localization
signals, EMBO Reports, vol. 1, pp. 411-415.
[11] T. L. Cour, L. Kiemer, A. Molgaard, R. Gupta, K. Skriver and S.
Brunak. 2004. Analysis and prediction of leucine-rich nuclear export
signals, Protein Engineering, Design and Selection, vol. 17, pp. 527-
536.
[12] J. D. Thompson, D. G. Higgins and T. 1. Gibson. 1994. Clustal W:
improving the sensitivity ofprogressive multiple sequence alignment
through sequence weighting, position-specific gaps penalties and
weight matrix choice, Nucleic AcidResearch, vol. 22, pp.4673-4680.
[13] C. P. Ponting and E. Birney. 2000. Identification of domains from
protein sequences, Methods in Molecular Biology, vol. 143, pp.53-69.
[14] R. Graeser, P. Kury , R. M. Franklin, and B. Kappe. 1997.
Characterization of a mitogen-activated protein (MAP) kinase from
Plasmodium falciparum. Mol Microbiol23: 151-159.
[15] P. Lenormand, C. Sardet, G. Paged, G. L'Allemain, A. Brunet and
J. Pouyssegur, 1993. Growth factors induce nuclear translocation of
MAP kinases (p42mapk and p44mapk) but not oftheir activator MAP
kinase kinase (P45mapkk) in fibroblasts, Journal ofCell Biology, vol.
122, pp.l079-1088.
[16] F.Gaits, G. Degols, S. Shiozaki and R, Russell. 1998. Phosphorylation
and association with the transcription factor Atfl regulate localization
of Spcl/Styl stress-activated kinase in fission yeast. Genes
Development, vol. 12, pp.1464-1473.
12
Comparative Studyon MitogenActivatedProteinKinaseof PlasmodiumSpecies
[17] P. Ferrigno, F. Posas, D. Koepp, H. Saitol and P. A. Silver. 1998.
Regulated nucleocytoplasmic exchange of HOG 1 MAPK requires
the importin homologs NMD5 and XPOl, EMBOJournal, vol. 17,
pp.5606-5614.
[18] V. Reiser, H. Ruis and G. Ammerer. 1999. Kinase Activity-dependent
Nuclear Export Opposes Stress-induced Nuclear Accumulation and
Retention of Hog 1 Mitogen-activated Protein Kinase in the Budding
Yeast Saccharomyces cerevisiae, Molecular Biology ofthe Cell, vol.
10, pp.1147-1161.
[19] D. Gorlich and U. Kutay. 1999. Transport between the cell nucleus
and the cytoplasm, Annu. Rev. Cell Dev. Bioi, vol. 15, pp. 607-660.
[20] L. Gerace. 1995. Nuclear export signals and the fast track to the
cytoplasm, Cell, vol. 82, pp. 341-344.
[21] M. B. Frankel and L. 1. Knoll. 2009. The Ins and Outs of Nuclear
Trafficking: Unusual Aspects in Apicomplexan Parasites, DNA and
Cell Biology, vol. 28, pp. 277-284.
[22] M. J. Mingot, M. T.Bohnsack, U. Jakie and D. Gorlich. 2004. Exportin
7 defines a novel general nuclear export pathway, EMBO Journal, vol.
23, pp.3227-3236.
[23] W. P. Schenk and B. E. Snaar-Jagalska, 1999. Signal perception and
transduction: The role of protein kinases, Biochemica et Biophysica
Acta, vol. 1449, pp.1-24.
[24] L. N. Johnson, E. D. Lowe, M. E. M. Noble and D. 1. Owen. 1998.
The structural basis for substrate recognition and control by protein
kinases, FEBS Letter, vol. 430, pp. I-II.
[25] J. Rouse, P. Cohen, S. Trigon, M. Morange, A. Alonso-Llamazares,
D. Zamanillo, T. Hunt and A, Nebreda. 1994. A novel kinase cascade
triggered by stress and heat shock that stimulates MAPKAP kinase-2
and phosphorylation of the small heat shock proteins, Cell, vol. 78,
pp.1027-1 037.
13
ScientificResearch Journal
[26] Y. Jiang, H. Gram, M. Zhao, L. New, 1. Gu, L. Feng, F. Dipadova,
R. J. Ulevitch and J. Han. 1996. Characterization ofthe structure and
function ofthe fourth member ofp38 group mitogen-activated protein
kinase, p380, Journal ofBiological Chemistry, vol. 272, pp. 30122-
30128.
[27] D. Dorin-Semblat, N. Quashie, 1. Halbert, A. Sicard, C. Doerig,
E. Peat, L. Ranford Cartwright and C. Doerig. 2007. Functional
characterization of both MAP kinases of the human malaria parasite
Plasmodium falciparum by reverse genetics, Molecular Microbiology,
vol. 65, pp. 1170-1180.
[28] S. M. Khan, B. Franhe-Fayard, G. R. Mair, E. Lasonder, C. J. Janse,
M. Mann and A. P. Waters. 2005. Proteome analysis of separated
male and female gametocytes reveals novel sex-specific Plasmodium
biology, Cell, vol. 121, pp.675-687.
[29] R. Tewari, D. Dorin, R. Moon, C. Doerig and O. Billker. 2005. An
atypical mitogen-activated protein kinase controls cytokinesis and
flagellar motility during male gamete formation in a malaria parasite,
Molecular Microbiology, vol. 58, pp.1253-1263..
[30] C. Chan, L. L. Goh and T. S. Sim. 2005. Differences in biochemical
properties ofthe Plasmodial falcipain-2 and bergheipain-2 orthologues
: implications for in vivo screens of inhibitors, FEMS Microbiol, vol.
249, pp. 315-321.
[31] M. K. Ramjee, N. S. Flinn, T. P.Pamberton, M. Quibell, Y. Wang and J.
P.Watts. 2006. Substrate mapping an inhibitor profiling offalcipain-2,
falcipain-3 and bergheipain-2: implications for peptidase anti-malarial
drug discovery, Biochemistry Journal, vol. 399, pp.47-57.
14
